Most of the studies on the relation between parathyroids and the renal tubular reabsorption of phosphorus have been done in human subjects (Kleeman and Cook, 1951; Kyle et al., 1957 , and many others)or in dogs (Hogben and Bollman, 1951; Foulks and Perry, 1959; Samiy et al., 1960 , and many others). Many of them employed an insufficient number of humans or animals for statistical analyses of the experimental results. This seems to be one of the causes of the previous confusion in this field. On the other hand, there are few who tried the renal clearance studies using rats, because accurate and rapid determination of glomerular filtration rate(GER)in such small animals as rats has been difficult. There are many reports available on the changes in urinary phosphorus excretion in rats after parathyroidectomy (Talmage and Kraintz, 1954; Beutner and Munson, 1960 , and many others)or after the injection of parathyroid extract(PTE) (Talmage et al., 1955; Kenny and Munson, 1959 , and many others). However, changes in phosphorus excretion may be due to nonspecific changes in GFR, for an increase in GFR after the injection of PTE (jahan and Pitts, 1948; Handler et al., 1951, Hogben and Bollman, 1951 )and a decrease in GFR after parathyroidectomy (Foulks and Perry, 1959) were reported.
The present author established a method for the ureteral catheterization and for the rapid determination of GFR in rats which are very convenient animals in a laboratory work. It is a great advantage, furthermore, that rats can easily be fed on a synthetic diet phosphorus and calcium contents of which are conditioned. This enabled the author to study the effect of parathyroidectomy on the renal tubular reabsorption of phosphorus in rats.
EXPERIMENTAL

Method of ureteral catheterization
Female rats weighing about 200g were used. They were anesthetized by an intraperitoneal injection of 0.05ml or 2.5mg per 100g body weight of Nembutal (Na-pentobarbital; Abbott), fastened on their back on a board and prepared by a lower mid-line abdominal incision of about 3cm, which was kept open using a blepharostat. The bladder was pulled out, the ureters being visualized and SHIKITA phorus filtered at the glomerulus were determined as mentioned above. There was no significant difference between the low phosphorus diet group and the control group both in the rate of urinary excretion of creatinine and in its concentration in the serum (Table 1) . It is concluded, therefore, there was no difference in the glomerular filtration rate between both groups of rats. On the other hand, the urinary phoshorus excretion in the phosphorus-deficient rats is less than 1/5 of that in the control group, despite higher concentration of serum phosphorus in the former group. Therefore, the result is that there was a significant increase in the net reabsorption of phosphorus in the low phosphorus diet group(P<0.01). The fact that serum phosphorus level was rather higher in the low phosphorus diet group than that in the control group appears to be paradoxical. However, it seems possible that the increase in the reabsorption rate of phosphorus resulted in the elevation of serum phosphorus level, because same amount of phosphorus had been injected 31 mins. before sacrifice into both groups of rats.
Tubular reabsorption of phosphorus in parathyroidectomized rats
Female rats of Donryu strain, 3-months-old, were placed in individual cages and fed on the normal diet(N-1 diet). A half of them were parathyroidectomized and the other half sham-operated. Forty-eight hrs. thereafter, they were ureterally catheterized, and 4hrs. later injected with 10mg of creatinine in 1.5ml of phosphate buffer(pH7.4)which was made isotonic with NaCl. Three kinds of phosphate buffer were used, as a result, 1.5, 3.0 or 4.5mg/rat of phosphorus was injected. Collection of the urine, sacrifice of the animals, the determination of creatinine and phosphorus clearances, etc. were same as mentioned above. Mean creatinine clearance in the parathyroidectomized rats was 0.94 times that in the controls, but the difference is not significant statistically (Table 2) . The results of the calculation proved that the mean rate of the tubular reabsorption of phosphorus(TRP)in the parathyroidectomized rats was 1.48 times as high as that in the controls. The difference is statistically significant at 1% level (Table 3) . Figure 2 shows the rate of urinary excretion of phosphorus at the time of sacrifice plotted versus serum phosphorus level in each individual.
It is clear that phosphorus was not excreted in the urine of the parathyroidectomized rats until the serum phosphorus level became far above the normal level. In another expression, the renal threshold for phosphorus excretion had been elevated in parathyroidectomized rats. The phosphorus reabsorbed was expressed as percentages of the phosphorus filtered and plotted against serum phosphorus level in each animal (Fig.  3) . The parathyroidectomized rats apparently differ from the control rats, if one takes either indication in Figure 2 or Figure 3 .
DISCUSSION
In 1947, Friedman reported that in the rat renal clearance of exogenous creatinine was quite equal to that of inulin. On the other hand, Lippman (1947) reported that the exogenous creatinine clearance was much larger than the endogenous creatinine clearance, concluding that the renal tubules of rats could secrete creatinine when its concentration in blood became high enough. Muntwyler and Griffin(1953) , however, found little difference between exogenous and endogenous creatinine clearances in the rat. Furthermore, it was reported by Gribetz et al. (1955) that the endogenous creatinine clearance in the rat was smaller than the inulin clearance simultaneously measured. Although Lippman(1953)had denied it, errors in the estimation of plasma creatinine seem to be the main cause of the previous confusion. The present author determined creatinine by the method of VanPilsum et al. (1956) which is independent on the Jaffe reaction. Table 4 .
Data concerning creatinine and inulin clearance in rats
The creatinine and inulin clearances in the rat reported by many others are expressed in terms of ml/min./100g body weight and compared with the exogenous creatinine clearance obtained by the present author's methods. As shown in Table 4 , fairly consistent values were obtained by many workers and it seems probable that the true GFR in the rat is approximately 0.8ml/min./100g body weight. Some workers have emphasized the difference in behaviour between the inorganic phosphate exogenously injected and the endogenous inorganic phosphorus in the plasma (Kleeman and Cook, 1951; Jacobs and Verbanck, 1953) . The fact, however, that almost all of plasma phosphorus is filtrable, has been confirmed by many workers (Benjamine and Hess, 1933; Handler and Cohn, 1953; Grollman, 1954 , and many others) even in parathyroidectomized animals (Hogben and Bollman, 1951) . The present author re-examined it by the vivodialysis method of Grollman(1954) and it was shown that at least more than 95% of the plasma phosphorus was diffusible even in the rats which had been kept on the low phosphorus diet for the preceding 3 days. Thus, it is unreasonable to assume that injected phosphorus could not be excreted in phosphorus-deficient or parathyroidectomized rats because of immediate transformation of injected phosphorus into an unfiltrable form. The present finding that parathyroidectomy has a marked effect on the renal tubular net reabsorption of phosphorus supports the view that the parathyroids are involved in the mechanism for the regulation of phosphorus excretion. Foulks and Perry(1959) observed a significant decrease in glomerular deficiency did not modify the adjustment of renal tubular phosphate transport in response to fasting or to phosphate injection. Their observations are not consistent with those described in this report on the rats. Although statistically insignificant, a slight decrease in GFR in parathyroidectomized animals was also observed in the present experiment. However, this seems to be due to the secondary effect of parathyroidectomy. For example, the parathyroidectomized rats took less food and gained less in body weight. From this point of view, it is inadequate to observe the effect of parathyroidectomy many days after the operation. In the previous paper (Ito et al., 1961) , it was reported that even 1hr. after parathyroidectomy, there found a significant increase in the renal tubular reabsorption of phosphorus without any decrease in GFR. This result, along with that reported in the present paper, certainly suggests that the parathyroids have a direct influence on the renal tubules.
SUMMARY
Fine polyethylene tubes were inserted in the ureters of female rats under nembutal anesthesia. Several hrs. later, the rats were injected intravenously with creatinine. Every 5 mins. urine was collected for 30mins. following the injection then the animals were sacrificed. A linear line was obtained when the rate of creatinine excretion was plotted on a logarithmic scale against time, and the rate of creatinine excretion at the time of sacrifice was obtained by extrapolation. Creatinine clearance was 1.94ml/min. or 0.87ml/min./100g body weight. No dif-ference was found in creatinine clearance of rats between low phosphorus diet and control normal diet groups. Parathyroidectomy caused only a slight and statistically insignificant decrease in creatinine clearance.
Renal net reabsorption of phosphorus increased by 26% after low phosphorus intake and 48% after parathyroidectomy.
The result supports the view that the parathyroids have an influence on renal tubules.
